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AbstractEffects
of psychotropic drugs on intracranial self-stimulation behavior were investigated in rats with chronic electrodes implanted in the lateral posterior hypothalamus.
Major tranquilizers such as chlorpromazine, levomepromazine, haloperidol, clozapine and oxypertine caused a selective depression of self-stimu lation at non-debilitating doses, and a dose-response relationship was also observed. Diazepam depressed this behavior at a dose much larger than that impairing rotarod performance.
Chlordiazepoxide, on the contrary, failed to depress self-stimulation even at 50 mg/kg, and rather slightly facilitated this behavior at smaller doses. The mode of action of pentobarbital was similar to that of diazepam. Antidepressants, imipramine and amitriptyline depressed this behavior only at doses larger than those which significantly impaired coordinated motor activity. Methamphetamine rather facilitated self-stimulation at 0.5-1 mg/kg, but depressed it at 5 mg/kg. It is con eluded that hypothalamic self-stimulation is most selectively depressed by major tranquilizers.
Olds and Millner (1) have reported that animals can be trained to receive an electrical stimulation in certain areas of the brain.
In Whether or not this effect of drugs on self-stimulation is specific, as compared with other effects has however, not been given attention.
In the present study, the effects of various psychotropic drugs on hypothalamic self stimulation were investigated quantitatively, and rotarod performance that helps define the specificity is also discussed.
Male Wistar strain rats, weighing 250-300 g at the time of surgery for electrode im plantation, were housed individually and given food and water ad libitum. The experi ments were performed at 23 -1'C with a 65±5% relative humidity. Twisted stainless steel electrodes (220 /' in diameter, tip distance of 0.5-1.0 mm) were implanted at the area close to the medial forebrain bundle in the lateral posterior hypo thalamus in 90 rats. Stereotaxic coordinates were 0.5 mm posterior to the bregma, 1.8 mm lateral to the midline and 8.0 mm deep from the surface of the cortex, according to the Atlas of de Groot (6).
The experiment was begun 10-14 days following surgery. The animals were trained to press a lever for electrical stimulation through the implanted electrodes. The experi mental chamber was a modified Skinner box (30 cm y: 32 cm -: 32 cm) provided with Takei's lever (2.5 cm 6.5 cm) of 10 g counter weight and with a red lamp placed just above the lever. A train of 60 Hz sinusoidal wave of 1.0-20.0 / A was delivered for 0.25 sec with each lever pressing. Forty out of 90 rats, which showed a constant lever pressing response of 50-100/min, were selected and used in drug tests. In the tests, self-stimulation rates were counted for 10 min before and 30 min after drug administration. The response rates on the pre ceeding day were used as control.
The drugs used were chlorpromazine HC1, levomepromazine, haloperidol, clozapine, oxypertine, diazepam, chlordiazepoxide, pentobabital Na, imipramine HCI, amitriptyline HCI and methamphetamine HCI, all of which were administered i.p. When tests were repeated in the same animals, drugs were administered at intervals of 7 days at a minimum. After termination of experiments, the animals were sacrificed and a direct current was delivered to each electrode. The brain was perfused with a 10°o formalin solution containing I ; potassium ferrocyanide and localization of the electrodes was verified histologically.
Neurotoxicity was determined by measuring the effects on rotarod performance in intact rats weighing 150-200 g according to the method of Dunham and Miya (7). The rats were placed on a slowly revolving wooden rod (11 rpm) 30 min after drug admini stration. When the animals fell down from the rotarod more than once within 30 sec during 100 sec test period, neurotoxicity was defined as positive.
RESULTS
The effects of various psychotropic drugs on self-stimulation are shown in Figs. 1-3 and Table 1 . Major tranquilizers such as chlorpromazine, levomepromazine, haloperidol, cloz apine and oxypertine showed dose-related effects in depressing self-stimulation. Chlor promazine and levomepromazine produced a marked depression of response at 2 and 5 mg/kg i.p., but had no effect at I mg kg i.p. Haloperidol at 0.1-0.5 mg/kg i.p. caused a significant depression.
Clozapine at 5 and 10 mg/kg i.p. showed a significant depres sion, but was without effect at 2 mg/kg i.p. Oxypertine also caused a significant depres sion of self-stimulation at 1-5 mg/kg i.p. Diazepam, a minor tranquilizer, had a marked depressing effect at 5 and 10 mg/kg i.p., whereas chlordiazepoxide failed to depress self-stimulation even at 50 mg/kg i .p.
However, chlord iazepoxide at 5 mg/kg i.p. slightly facilitated self-stimulation . Pentobar bital at 10 and 20 mg/kg i.p. revealed a marked depression of self-stimulation.
Antidepressants such as imipramine and amitriptyline at 50 mg/kg i.p. caused a marked depression, but at doses lower than 20 mg/'kg i.p. there was no effect on self stimulation.
Methamphetamine at 0.5-1 mg; kg i.p. caused a slight facilitation in response, while self-stimulation was depressed at 5 mg/kg i.p. and 5 out of 8 animals died within 90 min after administration of the drug. (Table 2) . On the contrary, the ratios of minor tranquilizers, pentobar bital, tricyclic antidepressants and methamphetamine were almost equal to or less than 1.0, indicating that their effects on self-stimulation are non-specific. DISCUSSION The present investigation confirms that chlorpromazine and haloperidol markedly depressed hypothalamic self-stimulation behavior, as already described by several in vestigators (1, 2, 3) .
Concerning depressive effects of major tranquilizers on self-stimulation, some re ports (3, 8) emphasized the anti-adrenergic effects. In general, however, major tranqui lizers show various depressive effects on the central nervous system. Therefore, if the depressive effect of major tranquilizers on self-stimulation is specific, the effect should appear at doses smaller than neurotoxic ones. All major tranquilizers used in this ex periment showed depressive effects on self-stimulation at doses smaller than their neu rotoxic ones as calculated from impairment during rotarod performance (9), therefore the effects of major tranquilizers are regarded as selective. Diazepam, a minor tranquilizer, exhibited a marked depression of self-stimulation, but the effect did not seem to be specific, as it was invariably accompanied with severe impairment of coordinated motor activity.
Chlordiazepoxide, on the other hand, slightly facilitated hypothalamic self-stimu lation at smaller doses. Stark et al. (5) reported that chlordiazepoxide at 5 mg/kg lowered the threshold for self-stimulation in the posterior hypothalamus and midbrain tegmentum. Domino and Olds (10) also reported that chlordiazepoxide at 5 mg/kg facilitated lateral posterior hypothalamic self-stimulation, although the drug had no significant effect on the threshold for electrical reward.
The mode of action of pentobarbital was similar to that of diazepam on self-stimu lation.
Stark et al. (5) described that imipramine at 20 mg/kg depressed self-stimulation.
In the present results, imipramine and amitriptyline depressed self-stimulation at 50 mg/ kg, but no effects were observed with doses lower than 20 mg/kg, and self-stimulation ED 50 was much greater than rotarod ED 50. The depressive effects of imipramine and amitriptyline thus appear to be non-specific. Horovitz et al. (11) found that imipramine increased lateral hypothalamic self-stimulation at 1-5 mg/kg in cats, and Stein and Seifter (12) concluded that imipramine might sensitize the adrenergic system in the brain, as the effect of amphetamine on self-stimulation of rats was potentiated by imipramine. The present authors found no facilitating effect of imipramine in rats even at smaller doses. Methamphetamine at 0.5 and 1 mg/kg increased self-stimulation, but slightly depres sed this behavior at 5 mg/kg. Several investigators have reported that amphetamine, at relatively small doses, had facilitating effects : i.e. the drug caused an increase in re sponse and lowered the threshold of self-stimulation in rats (5, 12). Horovitz et al. (11 ) reported that 2.5 mg/kg i.p. of amphetamine in cats decreased responding rates, and that this effect was apparently due to an overstimulation which interfered with self-stimu lation. Umemoto and Kido (13), on the contrary, reported that methamphetamine at non-toxic doses of 0.5-1 mg/kg i.v. depressed lateral hypothalamic self-stimulation in cats. In rats, 5 mg/kg of methamphetamine is regarded as a behavioral toxic dose, as rotarod ED 50 is 4.87 mg/kg and 5 out of 8 animals in the present experiments died within 90 min after 5 mg/kg of the drug had been given. It is therefore, suggested that depres sion induced by amphetamine and methamphetamine is due to an overstimulation as al ready described by Horovitz et al. (11) .
These results indicate that major tranquilizers have a selective depression of self stimulation, while that caused by diazepam, pentobarbital, tricyclic antidepressants and methamphetamine may be due to their neurotoxicity.
It is concluded that hypothalamic self-stimulation behavior may be useful as a sen sitive screening method especially for evaluating the effect of major tranquilizers.
